Here, for any a and b, the symbol a ~ b &#x3E; is an abbreviation for the integral and J(L, k) is formed by integrating exp ikx around the loop L:
The a* and a in (1.4) are photon creation and destruction operators, respectively, and &#x26;(L) is the classical action associated with the motion of a charged classical particle along the loop L:
The operator U (L) is pseudo unitary if it is written in explicitly covariant form, but it can be reduced to a strictly unitary operator using by (1.7) to eliminate all but the two transverse components of ~(A;), a~(k), J~(&#x26;), and J~(k). This extra power of k will lead to the infrared convergence of the residues of the pole singularities.
Our proof that this convergence property holds can be regarded as a systematization and confirmation of the argument for infrared convergence given by Grammer and Yennie13.
The third term is a nonmeromorphic contribution. It is a difference of two logarithms. This difference has a power of k that renders the contribution infrared finite.
BASIC MOMENTUM-SPACE FORMULAS
The separation of the soft-photon interaction into its quantum and classical parts is defined in Eq. ( Thus, apart from this simple factor, and, for one term, the overall shift in pi, the function is just the same as it was before the action of OJ. Consequently, the power-counting arguments used for Q-type couplings go through essentially unchanged. Details can be found in references 14 and 15.
COMPARISON TO OTHER RECENT WORKS
The problem of formulating quantum electrodynamics in an axiomatic field-theoretic framework has been examined by Frohlich, Morchio, and Strocchi8 and by D. Buchholz9, with special attention to the non-local aspects arising from Gauss' law. Their main conclusion, as it relates to the present work, is that the energy-momentum spectrum of the full system can be separated into two parts, the first being the photonic asymptotic free-field part, the second being a remainder that: 1 ) is tied to charged particles, 2) is nonlocal relative to the photonic part, and 3) can have a discrete part corresponding to the electron/positron mass. This separation is concordant with the structure of the QED Hamiltonian, which has a photonic free-field part and an electron/positron part that incorporates the interaction term but no added term corresponding to the non-free part of the electromagnetic field. It is also in line with the separation of the classical electromagnetic field, as derived from the Lienard-Wiechert potentials, into a "velocity" part that is attached (along the light cone) to the moving source particle, and an "acceleration" part that is radiated away. It is the "velocity" part, which is tied to the source particle, and which falls off only as r-1, that is the origin of the "nonlocal" infraparticle structure that introduces peculiar features into quantum electrodynamics, as compared to simple local field theories.
In the present approach, the quantum analog of this entire classical structure is incorporated into the formula for the scattering operator by the unitary factor U ( L) . It was shown in ref. 11 , Appendix C, that the non-free "velocity" part of the electromagnetic field generated by U (L) contributes in the correct way to the mass of the electrons and positrons. It gives also the "Coulomb" or "velocity" part of the interaction between different charged particles, which is the part of the electromagnetic field that gives the main part of Gauss' law asymptotically. Comparisons to the works in references 17 through 22 can be found in reference 14.
